The yield stress obtained by compressive measurement of flow property is shown in Fig.  4 to visualize its relationship to the applied force (N) and the oil ratio as a three-dimensional surface plot. The yield stresses were almost independent of applied forces. As a whole, the yield stresses of the 'whole egg'-added product were higher than those of the yolk-added product when compared at every oil ratio.
The yield stress values of the 'whole egg'-added product remained almost unchanged when the oil ratio was increased. If we must choose, the value at the oil ratio of 2.5 was somewhat high. The yield stress of the yolkadded product changed depending on the oil ratio.
At the oil ratio of 1.1 the yield stress value was lowest, at the ratios of 0.7 and 1.7 it was higher, and at the ratio of 2.5 it was highest. These tendencies of compressive yield stress were almost the same as those of rotational yield stress (Fig.2) .
The absolute values of both yield stresses nearly agreed.
The storage modulus G'and loss modulus G" obtained by vibrational measurement of flow properties are shown in Fig.5 .
The former modulus was derived from elasticity response and the latter from viscosity response. Both moduli increased with the increase in oil ratio in the 'whole egg'-added and the yolk-added products.
As a whole, these moduli of the yolk-added product were higher than those of the 'whole egg'-added product. The difference in the G' value between both products was remarkable at oil ratios of 1.7 and 2.5, but the difference in the G" value was remarkable at the ratio of 2.5. The only exception was seen in the comparison of G" values at the oil ratio of 1.1 where the value of the yolk-added product was lower. However, the yolk-added product showed a small value of yield stress, and a markedly small value was shown at an oil ratio of 1.1. When the yolk-added product was considered in comparison with the 'whole egg'-added product, at a low oil ratio the structure breakdown was not induced by the shear, and at a high oil ratio a great structure breakdown was induced.
This result means that the three dimensional structure developed with the high oil ratio was greatly broken down by the shear.
Discussion
The upcurve's yield stress of the 'whole egg'-added product was larger than that of the yolk-added product when compared at any oil ratio (Fig.2) . This result was predicted from the markedly large yield stress developed in our white-added product2). The upcurev's yield stress of American type commercial mayonnaise (its emulsifier is whole egg) was distinctly larger than that of the French type (its emulsifier is yolk) (arrows on the ordinate of Fig.2) .
Therefore, a similar tendendy was found in both our product and the commercial mayonnaise.
The consistency index B is regarded as an apparent viscosity at a shear rate of 1s-1 because the shear stress p becomes the sum of the consistency index B and yield stress C independently of the n value with a shear rate of 1s-1. The B values of the 'whole egg'-added and the yolk-added products were larger than those of commercial mayonnaises.
This result. was ascribed to the presence of PMM in our products.
The high viscoelasticity of PMM and its interaction with oil6) and 'whole egg' or yolk, would be important in the effect of PMM. Generally the B value of the yolkadded product was larger than that of the 'whole egg' -added product , and the difference in the B value arose from the following reason. The emulsifying ability of the yolk is higher than the ability of the whole egg7). It was found from microscopic observation (Fig.6) that, in the yolk-added product, the oil droplets were smaller in size and larger in number. With the large total surface area of the oil droplets in the yolk-added product, the sum of the interactions between the oil droplets became larger. As the result, this product showed larger B values. When the diameter distribution of the oil droplets is extremely polydisperse, the weight and surface area distributions of the droplets spread over a wide range. Consequently, the relation between the shear rate and the interdroplet friction and the relation between the shear rate and the collision chance of droplets become nonlinear. The shear rate vs. shear stress presentation becomes a curved line and the n value becomes considerably smaller than one and approaches zero. In such a extremely polydisperse emulsion, the extent of shear thinning is noticeable.
From this point of view, the shear thinning behavior was relatively compared by using n values. Generally, the n values of the yolk-added product, obtained from the upcurve, were larger than those of the 'whole egg'-added product (Fig.  2) , and the extent of shear thinning was smaller in the former product (Fig.1) .
It was suggested that the oil droplets in the former product were more uniform in size than those of the latter.
The microscopic observation (Fig.6 ) supported this suggestion. The n value of French type commercial mayonnaise was larger than that of the American type. Therefore, the oil droplets of French type mayonnaise were more uniform than those of the American type. The n value of our product was smaller than that of commercial mayonnaise. The difference in the n value between our product and the commercial mayonnaise was ascribed to the presence of PMM in our product. The structure of our product was less uniform with PMM.
The above evidence is outlined in the following points.
The egg-yolk has a higher emulsifying ability, emulsifies oil droplets into a smaller size, and packs them uniformly.
Consequently, the apparent viscosity B and the flow behavior index n are increased. The developed semi-solid structure similar to closest packing7)8) is greatly broken down by the shear application. However, the yield stress is smaller in the yolk-added product. This is due to a more uniform structure with small oil droplets. The large yield stress developed in the 'whole egg'-added product is ascribed to its less uniform structure and the property of the egg-white reported previously2).
It is reliable that in our emulsified product the PMM played the emulsion-stabilizing and thickening roles, but for a discussion of emulsion structure, the total amount of constituents except PMM was taken as 100% where the corresponding constituents were the emulsifier (whole egg or yolk), soybean oil and vinegar. The percentages of soybean oil to the total amount of constituents except PMM were 52.2, 63.2, 72.6 and 79.6% in our products.
The corresponding values of the emulsifier were 37.3, 28.7, 21.4 and 15.9%. A drastic change in shear rate sweep measurement was observed between our products with soybean oil ratios of 1.1 and 1.7. The percentage of soybean oil was 63.2 and 72.6% in these products, respectively. The above-mentioned drastic change was found in both the 'whole egg'-added and the yolk-added products but was more pronounced in the yolk-added product. The remarkable structure breakdown of the product was induced by the shear application when the percentage of soybean oil became 72.6%. This oil percentage is near the oil content of closest packing7)8). When the oil content is comparatively low in the products, the interaction between oil droplets was small. In this case, the remarkable structure breakdown was not induced by the shear application.
When the oil content became 72.6% and became near closest packing, a three dimensional structure was formed due to the contact of the oil droplets. In such an emulsified product, the oil droplet easily coalesce on shear application. The structure was more uniform and denser (i.e. finer) in the yolk-added product than in the 'whole egg' -added one. In the emulsified system with a more uniformly and more densely dispersed structure, the collision chance of oil droplets is high, and the oil droplets are easily coalesced by the shear. As the result, the structure was greatly broken down when shear was applied, and the structure breakdown was greater in the yolk-added product. In the products with higher oil ratios of 1.7 and 2.5 the relative amount of emulsifier to oil was very small. Therefore, the emulsifying layer around an oil droplet was thin, and the oil droplets tended to coalesce without shear. If shear was applied, the emulsion was easily broken down due to the further progress of coalescence. It was found from the microscopic observation (Fig.6 ) that many large oil droplets were present, almost in contact with each other, in the products with higher oil ratios of 1.7 and 2.5. It was also found from the microsopic examination that when the products with higher oil ratios were compared, the oil droplets contacted each other more uniformly and more densely in the yolk-added product than in the 'whole egg'-added one. These findings support the above-mentioned discussion.
